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P~trpose: Long-term success of endoluminally placed grafts for exclusion of abdominal 
aortic aneurysms (AAAs) relies on secure fixation at the proximal and distal cuffs and, as 
such, assumes that the fLxation sites will not dilate over time. Data regarding this issue, 
however, are not yet available. This study was performed to evaluate the region of the 
proximal anastomosis in patients many years after ha~ng undergone conventional AAA 
repair to determine the potential for late dilatation after placement of an endoluminal device. 
Methods: Three hundred forty-six patients underwent repair of an infrarenal AAA at our 
institution between January 1985 and December 1990. Of 97 eligible living patients, 33 
both had their original CT scans available and tmderwent repeat scanning at a mean of 
88.6 -+ 23.8 months (mean + SD; range, 40 to 134 months) after repair. 
Results: The overall 5-year survival rate was 73%. The mean preoperative infrarenal aortic 
cuffdiameter by CT scan was 24.5 -+ 3.7 mm (range, 19 to 33 mm). At an average of 89 
months after repair, the mean infrarenal aortic diameter increased 4.3 mm to 28.8 + 7.7 
mm (fange, 20 to 52 mm; p = 0.0004 by ttest). The proximal cuffat this time measured 
30 mm or more ha 11 patients (33%), and as early as 6 years after operation three of the 
seven patients (43%) scanned within this time period had cuffs that were dilated to 30 mm 
or more. Late dilatation to 30 mm or more was rare (16%) in patients who had 
preoperative cuffs that measured 27 mm or less. The mean late iliac artery size was 16.9 -+ 
8.9 mm (range, 10 to 52 mm), and 30% (10 of 33) measured 20 mm or more. 
Conclusions: One third of all patients who survive AAA repair experience significant 
dilatation of their proximal aortic cuff over tirne. Proximal dilatation is rare but not 
absent in patients who have smaller initial ortic culf diameters. This dilatation rarely 
causes problems after conventional suture fixation, but the long-term implications of ctrff 
dilatation after endoluminal repair are tmclear. Out findings suggest that endovascular 
aortic prostheses that have the ability to continue to self-expand many years after 
irnplantation may be required and that endovascular p ostheses may not be the best 
option for patients who have a long life expectancy or for those who have preoperative 
proximal cuffs greater than 27 mm. (J Vasc Surg 1997;26:492-501.) 
Within the past several years, an explosive interest 
in the repair of abdominal aoruc aneurysms (AAAs) 
using endovascular techniques has arisen. 1-s At 
present, all such devices rely on either mechanical 
hooks or frictional engagement for secure position- 
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ing and exclusion of the aneurysmal cavity from arte- 
rial pressure. 9 Continued secure fixation thus relies 
on continued integrity of  the proximal and distal 
cuffs--late dilatauon of these areas could lead to 
disengagement, reestablishment of  arterial pressure 
within the aneurysmal sac, or frank dislodgement. 
Because the behavior of the natäve artery at points of 
fixation after intraluminal repair will not be known 
for many years, we retrospectively analyzed the long- 
term size changes of the proximal aortic cuffand iliac 
vessels after conventional AAA repair. 
PAT IENTS AND METHODS 
The records of all patients who underwent repair 
of  AAAs at the University ofRochester Medical Cen- 
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Table I. Behavior of the proximal cuff and iliac artery 
No. of patients Mean aortic size Increase Patients with aorta Patients with iliac 
Time of CT  scan studied (ram) (mm) >- 30 mm arteries >- 20 mm 
Preoperative 33 24.5 + 3.7 2 (6%) NA* 
Up to 6 yr 7 28.1 _+ 3.6 3.6] ~ 3 (43%)~ 3 (43%) 
Up to 7 yr 16 28.1 _+ 5.9 3.6~f 5 (31%)~t 5 (31%) 
Up to 8 yr 19 29.3 _+ 8.0 4.8]. 7 (37%);t 5 (26%) 
Up to 9 yr 26 29.7 -+ 8.3 5.2] 10 (38%);t 9 (35%) 
Up to 10 yr 28 29.3 -+ 8.1 4.8]" 10 (36%)~: 9 (32%) 
Total 33 28.8 +_ 7.7 4.3]. 11 (33%):~ 10 (30%) 
*Original iliac artery diameters are not available because of poor-quality CT scans. 
].p < 0.05 vs preoperative mean size by t test. 
Jgp < 0.05 vs. preoperative proportion by X 2 (or Fisher's exact est for small cell sizes). 
ter between January 1, 1985, and December 31, 
1990, (6 years) were obtained. Patients were ex- 
cluded if they had originally had a thoracoabdominal 
aneurysm (defined as the proximal anastomosis per- 
formed within the chest), a pseudoaneurysm, a con- 
genital aortic problem, or were hemodynamically 
unstable or had a known or suspected ruptured an- 
eurysm. After review, patients who did not seem to 
have an infrarenal cuff (defined as requiring renal or 
mesenteric artery reimplantation) were also ex- 
cluded. The study group thus consisted of those 
patients who, with technology and sldll reasonably 
assumed to currently exist, could have been consid- 
ered for endoluminal repair. Urgent (not electively 
scheduled) operation in a symptomatic but stable 
patient, supraceliac clamping, and thoracoabdominal 
incision were not exclusion criteria, provided that the 
proximal anastomosis was below the renal arteries, 
nor were incidental cholecystectomy or another, 
nonurgent intraabdominal procedure. 
Review of the hospital and office charts and com- 
munication with the patient's referring physician, 
various radiologic departments and freestanding clin- 
ics, and the patients themselves, asappropriate, were 
used to determine which patients were still alive. 
Such patients were contacted and offered repeat 
computed tomographic (CT) scanning. 
Current follow-up CT scans were performed us- 
ing GE HiLight 9800 and HiSpeed Advantage CT 
scanners (General Electric Medical Systems, Milwau- 
kee), with intravenous contrast (Optiray 240 and 
320) if no contraindications existed, with cuts ob- 
tained at 3 to 5 mm intervals (one patient underwent 
magnetic resonance imaging at his primary care phy- 
sician's request). Preoperative and postoperative CT 
scans were reviewed. The aortic diameter was mea- 
sured using calipers at the first image distal to the 
lowest renal artery. Because of intratuminal throm- 
bus, outside diameters were used for purposes of 
comparison. Maximal common iliac artery diameter 
was similarly recorded. In aortic cuts that appeared to 
be tangential (disparity of perpendicular diameters 
exceeding 20%) the minimum diameter was used, 
and iliac diameters were recorded at right angles to 
the long axis of the artery. The distal aortic cuff was 
not addressed because of inability to reliably identify 
the appropriate l vel and to accurately measure its 
diameter in most cases because of the presence of the 
graft. Significant infrarenal aortic cuff enlargement 
was considered to be ->30 mm, and significant iliac 
dilatation was considered to be ->20 mm. 
Data were stored and manipulated on a Macin- 
tosh Quadra 650 computer (Apple Computer, Cu- 
pertino, Calif.) using Statview 4.02 (Abacus Con- 
cepts, Berkeley, Calif.), respectively. Life table 
analysis was used to estimate long-term survival rates. 
Differences were assessed by means of paired or un- 
paired t tests, as appropriate, for continuous data, 
and X 2 tests for nominal data. Significance in all cases 
was considered to be achieved with a p value less than 
0.05. All continuous variables are expressed as mean 
+_ standard eviation. 
RESULTS 
Four hundred two AAA were repaired uring this 
period. Twelve were excluded because of the lack of 
an infrarenal cuff(defined by the retrospective clinical 
criteria above), 31 had known or suspected rupture, 
and 13 charts were not locatable, which yielded a 
total of 346 patients who met the above criteria for 
consideration for eudolurninal repair. 
The 5-year survival rate was 73%, which is consis- 
tent with other large series. 1° Little difference was 
seen between patients who underwent elective repair 
(74%) compared with those who had required urgent 
operation for symptomatic (nonruptured) aneurysms 
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Fig. 1. Initial and final proximal aortic cuff diameters in the 33 patients reviewed; solid circles 
indicate patients who have undergone r pair. Size in millimeters i indicated on the Y axis, and 
follow-up interval for each patient is indicated on X axis. Shaded horizontal line indicates cuff 
diameter of 30 mm. 
(71%). A total of three patients have undergone re- 
pair of recurrent (thoracoabdominal) aneurysms, 
whereas four others died of  ruptured thoracic aneu- 
rysms 2 to 9 years after operation. 
At follow-up, 189 patients had died, 42 were lost 
to follow-up, 18 were not offered CT scanning be- 
cause of severe comorbid conditions (none related to 
the original AAA), and 34 did not have preoperative 
CT scans available for comparison. Of  63 eligible, 
living patients, 33 agreed to undergo repeat CT 
scanning at a mean of 88.6 + 23.8 months (range, 
40 to 134 months) after repair. 
The mean preoperative aortic cuffdiameter atthe 
level of the renal arteries was 24.5 _+ 3.7 mm (range, 
19 to 33 mm; Table I), almost identical to that 
documented in a previous study of  aneurysm mor- 
phology. 11 At 89 months after epair, the mean infra- 
renal aortic diameter increased 4.3 mm (18%) to 
28.8 + 7.7 mm (range, 20 to 52 mm;p = 0.0004 by 
t test). Whereas only two patients had inftarenal cuffs 
that measured more than 28 mm before operation 
(both 33 mm), the follow-up cuffdiameter was equal 
to or greater than 30 mm in 11 patients (33%; Fig. 
1). The cuffs of 18 patients (55%) enlarged (2 to 24 
mm), one shrank (5 mm), and 14 (42%) did not 
change more than 2 mm either way (Table II). There 
was no linear elationship between initial cuff size and 
absolute growth (r = 0.18; p = 0.31), initial cuffsize 
and rate of growth (r = 0.10; p = 0.58), or interval 
between scans and absolute growth (r = 0; p = 
0.99), largely because several patients experienced 
significant growth despite smaller preoperative cuffs 
(Fig. 2). Significant dilatation was present as early as 
6 years after operation, when the mean cuff diameter 
in the seven patients tudied by this point increased 
to 28.1 _+ 3.6 mm and three of the seven (43%) 
measured 30 mm or more (p = 0.04; Table I). Little 
further growth seemed to occur after this point. All 
dilated cuffs appeared to represent true aneurysms 
based on long, smooth tapering many cuts above the 
original anastomosis (involving the visceral vessels in 
all cases). 
The maximal common iliac artery diameter aver- 
aged 16.9 + 8.9 mm (range, 10 to 52 mm) on 
follow-up CT scanning; 30% (10 of 33) measured 20 
mm or more (preoperative iliac diameter was not 
measured because of poor-quality CT scans). Twen- 
ty-two patients (67%) had originally received a tube 
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Table II. Changes in cuffsize: all patients 
In#iM size Final size Rate of 
Patient (mm) (mm) Interval (mo) Change (mm) growth (mm/mo) 
1 27 28 40 1 0.025 
2 23 22 44 -1  -0 .023  
3 26 29 52 3 0.058 
4 29 34 70 5 0.071 
5 26 30 71 4 0.056 
6 19 28 71 9 0.127 
7 23 27 71 4 0.056 
8 22 21 72 -1  -0 .014  
9 25 26 74 1 0.014 
10 23 28 74 5 0.068 
11 24 30 75 6 0.080 
12 28 30 75 2 0.027 
13 20 20 76 0 0.000 
14 20 31 76 11 0.145 
15 33 40 82 7 0.085 
16 33 40 82 7 0.085 
17 20 20 83 0 0.000 
18 21 22 84 1 0.012 
19 28 52 86 24 0.280 
20 22 28 96 ó 0.063 
21 27 28 99 1 0.010 
22 22 23 101 1 0.010 
23 28 52 102 24 0.235 
24 28 32 104 4 0.038 
25 26 27 104 1 0.010 
26 25 25 105 0 0.000 
27 19 28 112 9 0.080 
28 20 23 113 3 0.027 
29 25 26 119 1 0.008 
30 28 29 126 1 0.008 
31 22 22 126 0 0.000 
32 25 20 126 -5  -0 .040  
33 22 30 134 8 0.060 
mean:O.050 ± 0.068 
All 33 patients orted by increasing interval between initial and final CT scans. There is no linear corellation between initial cuff size or 
interval and change in cuffsize (see text). 
graft. Eight of these (24%) had iliac enlargement to
greater than 20 mm at follow-up, whereas two of 11 
(18%) who underwent placement of a bifurcated 
graft had iliac arteries greater than 20 mm at fol- 
low-up (NS). 
Factoring in mortality data, 29% of all patients 
who originally underwent operation were still alive 
and had infrarenal cuffdiameters of30 mm or more 6 
years after operation, whereas 13% were both alive 
and dilated 10 years after operation (Table III). 
Growth over time versus initial cuff size is shown 
in Fig. 1. Using post-hoc receiver-operator curve 
analysis, patients were divided into those who had 
initial cuff diameters of 27 mm or less (25 patients) 
versus those whose cuffdiameter was 28 mm or more 
(eight patients). As seen in Table IV and Fig. 3, 
patients who had smaller initial cuff sizes had smaller 
final cuff sizes (25.7 + 3.6 vs 38.6 + 9.2 mm; p < 
0.0001) and smaller mean dilatation (2.7 + 3.8 vs 
9.3 + 9.3 mm; p < 0.001) than those who started at 
28 mm or more. All four patients who had fmal 
dilatation to 40 mm or more had started with cuff 
sizes greater than 28 mm. 
DISCUSSION 
These data demonstrate that a third of  patients 
who survive conventional AAA repair experience sig- 
nificant dilatation of their proximal ortic cuff over 
time. Significant aortic dilatation is present 6 years 
after operation, but cuff enlargement appears to sta- 
bilize after this point. Even when mortality data are 
factored in, more than 10% of all patients who origi- 
nally underwent operation experience significant 
proximal cuff enlargement 10 years after operation. 
Few cuffs that were originally 27 mm or less in 
diameter ever become larger than currently available 
endoluminal grafts. 
Recurrent proximal paraanastomotic aneurysms 
have long been recognized to be a significant prob- 
lem after conventional aneurysmorrhaphy, with re- 
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Fig. 2. Change in cuff size plotted as function of initial cuff size, both in millimeters. Both 
small and large cuffs experienced dilatation, and there was no linear elationship between initial 
cuffsize and subsequent enlargement (r = 0.18; p = 0.31). 
Table  I I I .  Clinical relevance of long-term 
cuff dilatation 
Interval 
Percent whose aortic Percent originally 
Predicted cuffs are dilated operated on alive 
% living* to 30 mm or moret and dilated¢ 
6 ~ 67% 43% 29% 
7 F 57% 31% 18% 
8 yr 47% 37% 17% 
9 yr 42% 38% 16% 
10 yr 36% 36% i3% 
*Predicted percent living derived using life table analysis of the 
entire cohort of346 patients. 
]'Percent of study group patients whose aortic cuffs measure 30 
mm or more at each interval from Table I. 
~:Predicted percent of all patients originally operated on who will 
be both living and have cuffs measuring 30 mm or more--calcu- 
lated by multiplying predicted percent alive by measured percent 
dilated at each interval. 
ported incidences as high as 27% at 15 years depend- 
ing on the surveillance protocol, method of 
identification, and definition of aneurysm, t2-~4 More 
subtle changes in the proximal cuff, however, have 
not  been a problem after conventional repair and 
thus have not  yet been addressed. 
Tab le  IV. Initial cuff size and late dilatation 
Preoperative cuff size: 
27 mm or less 28 mm or more 
Number 
Mean 
preoperative 
diameter 
Mean 
postoperative 
diameter 
Mean 
enlargement 
Aortic cuff 
->30 mm 
Follow-up 
interval: 
25 8 
23.0 + 2.5 mm 29.4 + 2.3 mm 
25.7 + 3.6 mm* 38.6 _+ 9.2 mm* 
2.7 + 3.8 mm (12%)] ~ 9.3 -+ 9.3 mm (32%)] ~
4 of 25 (16%)~ 7 of 8 (88%)~t 
87.9 -+ 25.5 mo 90.9 -+ 18.5 mo 
*p < 0.0001 by ttest. 
"~p < 0.001 by t test. 
~p < 0.001 by ×~. 
Preliminary data regarding this issue have been 
reported by several investigators using the EVT tube 
graft (Endovascular Technologies, Inc., Menlo Park, 
Calif.). In  the North American EVT phase I trial (46 
patients receiving tube grafts) summarized by Moore 
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Fig. 3. Fig. 1 separated into those with initial cuff sizes 27 mm or less (25 patients) versus 
those with initial cuff sizes 28 mm or more (eight patients). Shaded horizontal ine again 
indicates 30 mm, and dark circles connected by thick lines are initial and final mean values in 
each group. All four patients with enlargement to 40 mm or more had cuffs that measured 28 
mm or more at time of repair. 
and Rutherford, s no dilatation of the proximal cuff 
was noted at a mean follow-up of 14 months (range, 
6 to 27 months). Six patients have had persistent 
contrast enhancement of the aneurysm sac, although 
in all six instances the leakage was present from the 
time of  repair and hence does not seem to be a result 
of  cuff enlargement over time. Separate reports by 
Edwards et al. 8 and Matsumura et al.,~s,16 which 
include both subgroup analysis as well as additional 
data from patients who received bifurcated grafts and 
those who were enrolled in the second phase of the 
protocol (randomization to endovascular o conven- 
tional repair), corroborate these results. 
Precise computer-aided measurements of  cuff di- 
ameter after EVT tube graft implantation have been 
recently reported by Matsumura et al.ls,16 At 1 year 
after implantation the proximal neck diameter (de- 
fined as the most cephalad image containing a com- 
plete hook set) in 47 patients had not changed 
(23.8 _+ 2.6 mm to 24.7 -+ 2.8 mm; NS). The distal 
neck, however, significantly enlarged, increasing 
from 22.9 + 2.9 mm to 24.8 :__ 3.3 mm (p < 0.01). 
An early 10% increase in the proximal cuff diameter 
has also been noted after cndovascular device place- 
ment by May et al?7 This enlargement was not pro- 
gressive, however, indicating that it may have been a 
result of deliberate oversizing of  the device itself. 
The enlargement documented in our study does 
not seem to have clinical significance after repair 
using conventional grafts (as evidenced by their his- 
torical success), but raises obvious questions in any 
situation in which fixation relies on endoluminal at- 
tachment without the use of  suture material, that is, 
current endoluminal devices. Obviously, if the cuffs 
were to dilate in this fashion without the device 
doing the same, proximal or distal endoleaks would 
inevitably occur, reestablishing flow to the original 
aneurysm. Several potential solutions, however, exist. 
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First, the device itself, if securely incorporated, 
may merely dilate along with the cuff. Alternatively, 
secure incorporation of a nonexpendable device 
might prevent dilatation of the native tissue, al- 
though this seems unlikely given the inability of 
conventional, sutured graffs to prevent this from 
happening (as documented in the present study). It 
seems more likely that a successful device will have to 
retain the capability to expand years after implanta- 
tion, either by means of balloon dilatation, or, more 
attractively, in a spontaneous fashion as the native 
cuff dilates. 
Several limitations ofthis study should be kept in 
mind. First, because of intraluminal thrombus, out- 
side diameter was used for purposes of comparison, 
whereas eating, by definition, depends on the inner 
diameter. Second, becanse the scans were performed 
in different locations and the films then sent to our 
institution, we could not use computer planimetry as 
the group at Northwestern does. Our results, how- 
erer, are very similar to those previously reported by 
other investigators. 11,1s,I6 Significantly, Baker and 
colleagues, 18who studied the proximal cuffs of 95 
patients 5years after conventional repair using ultra- 
sound, reported in abstract form that 42% of their 
patients had proximal cuff dilatation to greater than 
30 mm. Ten cuffs measured 40 mm, and two were 
greater than 50 mm. The similarity of our data 
(based on CT scanning) to those derived from ultra- 
sound is strildng. Finally, our results are obviously 
derived using patients who had undergone conven- 
tional endoaneurysmorrhaphy in an attempt to pre- 
dict information ot yet available. Although it is 
possible that the long-term behavior of the aorta is 
fundamentally different after open operation, we be- 
lieve that these data remain useful until suitable time 
has elapsed and follow-up has been achieved after 
endovascular implantation. 
Is this dilatation really clinically significant? A few 
millimeters might not make a difference, specially if
the graft had some capability to expand. One third of 
our living patients, however, had aortic cuffs that 
measured 30 mm or more, and several measured 40 
mm or even 50 mm. Moreover, even taldng into 
account late deaths from all causes, fully 13% of all 
patients who originally underwent operation had 
cuffs that measured 30 mm or more 10 years after 
operation. We do not necessarily believe that an 
overall mean change of a few millimeters makes a 
difference. Rather, we are most impressed by the 
finding of major dilatation well beyond the point 
where a fixed-diameter device could stay adherent in 
so many patients, in our experience as well as in that 
ofprevious reports. 12,18 The purpose ofaneurysmor- 
rhaphy is to prolong life. If late dilatation to the 
extent documented in our experience after conven- 
tional repair also occurs after endovascular g afting, 
and such dilatation ecessitates revision, the resultant 
increased morbidity and mortality rates might 
worsen overall outcome to the point where the risk 
exceeds that of conventional repair, especially in 
younger patients who have a long postoperative life 
span in which to have dilation. 
One of our more interesting findings is that sig- 
nificanfly fewer cuffs that were less than 27 mm at the 
time of repair ever exceed 30 mm at the time oflate 
follow-up. The majority of grafts implanted under 
current protocols measure 24 mm in diameter, with 
28 mm being the maximal size for enrollment in 
both the EVT and Sydney trials. 5,17 This cutoff, cho- 
sen for whatever reason, seems quite fortuitous and 
implies that patients with grafts already in place may 
not be at significant risk for late dilatation and en- 
doleak. 
Even if only a few cuffs dilate to the degree that 
leaks occur around noncompliant proximal or distal 
fixation sites, the clinical significance ofthis problem 
is very real indeed. At a minimum, these results 
indicate that rigorous surveillance protocols will be 
required to identify the potential anastomotic leaks 
that may occur as the cuffs dilate around a fixe& 
diameter endoluminal device, and, that if these re- 
sults are verified as follow-up of already implanted 
endoluminal devices progresses, trategies may have 
to be developed to ensure continued seating of such 
grafts. These data strongly imply that endovascular 
repair should be limited to those patients who have 
smaller initial proximal cuffdiameters, and that endo- 
vascular aortic prostheses with the ability to continue 
to self-expand many years after implantation may be 
required. 
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DISCUSSION 
Dr. William H. Edwards, Jr. (Nashville, Tenn). Dr. 
Illig and colleagues have provided us with some valuable 
information to foster into our endoluminal neurysm re- 
pair decisions. They have looked at a group ofpatients who 
they thought might reasonably be considered for en- 
dograft repair. Endoluminal repair, whether it be tube or 
bifurcated, epends on a normal segment of artery below 
the renal arteries. This requires that the length of that 
segment be at least 1 to 1.5 cm. In the manuscript there is 
no mention of the length ofany neck. I know that 5 to 10 
years ago when the initial CT scans were performed that 
there were limitations in the technique and that data may 
not be available, but it would be an interesting addition. 
Did you look at this aspect? 
I would point out that your inclusion criteria are too 
liberal and that limitations of the technique of endograft 
repair systems now would probably not permit a patient 
who required a suprarenal c amp either for calcification or 
juxtarenal position to undergo endograft repair. Based on 
your inclusion criteria, it is hard to know how many of 
those patients would have been endograft candidates. De- 
spite the limitations of these inclusion criteria for compar- 
ison and conclusion inferences, I believe that this manu- 
script contains ome important data to factor into the 
design of grafting systems. There are two main "camps" of 
graft designs presently being used: those such as the Mea- 
dox stentor graft, the Corvida graft, and the AneuRx sys- 
tem, all of which are stented grafts that depend on the 
elastic recoil of the artery and the maintenance of that 
recoil to hold the graft in place. The EVT graft has a 
self-expanding attachment system with hooks to hold it to 
the artery, as well as tufts ofyarn for fibroblastic ngrowth. 
The big question with both of these systems is whether 
they can maintain contact with the artery wall and "grow" 
with the artery, or whether leaks will develop down the 
road: I think it unlikely that any of these grafting systems 
will prevent arterial dilatation becanse ven conventional 
external wrapping has been unsuccessful in preventing sub- 
sequent aneurysm formation. 
One very interesting piece of data that was not de- 
scribed was that cuffs that were originally less than 27 mm 
have a lower propensity to dilate. After the initial phase I
EVT trial, the 28 mm graft was dropped because ofinfre- 
quent use and ditticulty in packing that size graft in the 
delivery device. Informally, I was also told that if the neck 
was that large maybe it was really an aneurysm and we 
shouldn't be implanting an endograft anyway. Presently, 
only up to 26 mm tube and bifurcated grafts are available. 
The most common size used in our seiles is 24 mm, and 
that was the most common size cuff that was seen. I have 
one additional question. You painstakingly measured the 
cuffs, but did you also measure the change in the graft size? 
You presumably have the implant graft size and could 
accurately measure the graft on the 67 patients who under- 
went repeat CT scanning. Did they also dilate to the same 
extent or did they remain static? If they, too, enlarged, 
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then this might be a requirement for endografts for long- 
term series and would favor a stentless system. 
Dr. Karl A. Illig. The first question addresses the issue 
of our preoperative patient selection. Unfortunately, our 
preoperative CT scans were all obtained back in the 1980s. 
We don't have preoperative scans for all 67 patients be- 
cause many studies were purged. Our preoperative data, 
therefore, are not as clean as in ongoing prospective s ries. 
We were not able to measure the length of the proximal 
cuff because these early scans were all at 10 mm intervals. 
We intentionally tried to include all patients who could 
possibly be considered for infrarenal endovascular repair, 
recognizing that our criteria are a little broad for today's 
technology. We did this in an attempt to ta T to ger as many 
living patients as we could back to us for scanning. We just 
found out that the maximal size in the EVT trial has been 
downgraded to 26 mm. Our discovery of differential dila- 
tation between 27 and 28 mm was hit on after our abstract 
was submitted. We now think that this is the main message 
from out study. In addition, the maximal size cutoffin the 
Vanguard trial is, I believe, 27 mm. The cutoff certainly 
seems to us, and everyone we have talked, to be relatively 
arbitrary and perhaps imply tied to what size graff was 
originally made. Our data, however, suggest hat this 
seems to be the right number from an empirical stand- 
point. 
Dr. Edwards. Did you see any size change in the graft? 
Dr. Illig. No, we did not, although we did not look at 
this issue specifically. 
Dr. Lawrence Hollier (New York, N.Y.). Dr. Illig, 
congratulations ona very nice presentation. I predict hat 
your paper will be often quoted in future discussions and 
publications, because all the medical device industry is 
concerned about he fate of the proximal aortic cuff, partic- 
ularly as it relates to endoluminal grafting. Most of us have 
observed over the years that the segment of the aorta 
below the level of the renal arteries frequently increases in 
size; much less frequently have we seen enlargement of the 
visceral and pararenal segment. Do you have any data on 
the degree ofenlargement of he aorta at or above the renal 
arteries? 
Dr. Illig. We do not have specific numbers, but we did 
look at the perivisceral segment while trying to figure out 
whether these were true aneurysms or pseudoaneurysms. 
In every single one of the cuffs that was dilated at the 
infrarenal level, it was a long tapering dilatation, and a 
dilatation at the level of the visceral arteries was essentially 
the same as that right below the renal arteries. Many of 
these, ifnot all, had equal or at least noticeable dilatation at 
the level of the visceral arteries. 
Dr. Christopher Zarins (Stanford, Calif.). I have two 
questions. One relates to the technique of your measure- 
ments. On some ofyour slides, it looks like you were taking 
the maximum dimension of the aorta at each level. As you 
know, if the aorta is tortuous the cross-sectional image 
becomes oval rather than round. Ifyou take the maximum 
dimension of the oval, you are not getting the true dirnen- 
sion of the aorta, which is the short axis. How did you 
correct for tortuosity, and was the enlargement you dem- 
onstrated in fact increased tortuosity rather than true en- 
largement? The second question relates to the size of the 
aortic grafts. As you know, it would be extremely unusual 
to use a 24 mm graft for the abdominal orta. We usually 
use a 16, 18, or 20 mm graft. What is the relationship 
between the dimensions ofthe neck that you measured and 
the size graft used to repair the aneurysms. Did this influ- 
ence the subsequent results? Do the dimensions of the 
graft in the follow-up image correlate to the size of the 
fabric that was actually sewn into these patients) Did the 
graft size change) Do we actually lcnow how accurate these 
measurements are? One way to ger the true measurement is 
to compare the actual size of the graft used with your CT 
dimensions. 
Dr. Illig. We measured the CT scans using calipers and 
magnification according to the built-in scale for each im- 
age. Some images today were stretched to fit on the slide, 
and they thus do not precisely replicate the original scan. 
When it was tangential, we defined a tangential cut as 
disparity between perpendicular diameters of more than 
20%. In these cases, we used the minimal diameter. The 
graft measurement question isvery interesting. We initially 
tried to quantify the preoperative infrarenal cuff based on 
the size graft that was used. It became apparent that these 
grafts were all conventional graft sizes. The largest graft in 
the series was, I think, 20 mm, and most ofthem were 14 
or 16 mm. Graft size thus had no relation to the original 
preoperative measured cuff diameter. Later, we would see an 
area ofpreoperative euffthat measured 25 mm or so and then 
a bunch ofclips, and the hext cut would show a 16 mm graft. 
Dr. Calvin Ernst (Ann Arbor, Mich.). At Henry Ford 
Hospital, as a result of Dr. Szilagyi's policy of following-up 
patients after aneurysm repair with routine annular trans- 
lumbar aortograms, we have a wealth of postoperative 
arteriographic studies for review. Consequently, we exam- 
ined approximately 800 aortographic studies on almost 
300 patients over an average follow-up of 31/2 years after 
the operation. We found that the proximal aortic cuff 
dilates approximately 1 mm; however, it elongates as weil. 
In fact, it elongates more than it dilates. I wonder then 
whether you have identified elongation of the infrarenal 
aortic cuff in your particular series of patients? Because I
think that elongation is every bit as important as dilation. 
Furthermore, how did you identify the proximal anasto- 
motic site? We were able to identify the proximal anasto- 
mosis and therefore the proximal infrarenal aortic cuff, 
because we have a policy of placing a cover clip on the 
stitch at the proximal anastomosis so we lmow precisely 
where it is. Ifyou do not know where the proximal anasto- 
mosis is, it might be ditticult o determine exact amount of 
expansion of infrarenal vulnerable aorta. I hasten to point 
out, however, that such measurements as both we and you 
have obtained may not reflect the true natural history of 
the proximal aortic cuffbecause a continuous sutured anas- 
tomosis may provide a tethering that may restrict proximal 
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aortic cuff expansion more than would have naturally oc- 
curred. 
Dr. Ill ig. Referring to your second question first, that 
is, how we identified the proximal anastomosis--the an- 
swer is we could not. M1 we found on our CT scans was a 
nice area where there was normal tissue and then this 
incredible fuzz of clips. We addressed that by trying to stan- 
dardize our measurements by relating them to the level of the 
renal arteries. That, tmfortunately, gets back to your first 
question, which is quite interesting, that of elongation. We 
did not address that directly, but thinking about hings right 
now I think it may be hard to do so using CT scans. I think 
that an angiogram, especially ifthe cuffis marked, is the best 
way to ger at that question. It will be hateresting to follow the 
ongoing prospective series to really discover what happens to 
these patients after endovascular repair. 
